Umted States Patent

[19]

Toba et al

o [s4p

PROCESS FOR PREPARING

: -_POLYISOBUTYLENE OXIDE MOLDINGS

- OF EXCELLENT WORKABILITY

[7 5] |

- [73] B

o [22)
en
; '””:Jan 27 1972
[52]

-_ .: [51]
(58]

A's'eighee"'
:Flled
'.:_Appl No 325 924

_Inventors Hirotaka Tnha, Keiichi Ohata,

Nagayoshl Tsukane, all of Saltama
Japan - | |

Dalcel Ltd., Osaka J apan
~ Jan. 22, 1973 '

Ferelgn Appllcatmn Prlerlty Data

_-iU-‘S-: C_L-.*.'.’..-;_., ........ 264/288 260/2 A; 260/2 BP
Ce T 260/784EP 260/80 P
Int. Clﬂ.-.-l.;;....-....-. ...... C(ISG 65/04; C08G 65/30 -
.Fleld of Search ............. 260/2 A 264/291 283-‘_ ii

3,509,074

'[571

Polylsobutylene oxu;ie polymer moldmgs contalmng 70 -

PR 4T 10119.' - wt. % or more of isobutylene oxide, are prepared by

| o B o -_.-heatmg the polymer to a temperature above 170°C
- and then quickly coolmg the same by contactlng it
~with a coolant to obtain crystalline resin having a dif-
| fractlon peak at about 29=12° in the X- ray dlffractlon :

'pattern ef the resin.

3 936 524.

[11]
51 Feb.3,1976
) [-5-5"] o References Clted |
-~ UNITED STATES PATENTS
3,354,097 11/1967 Vandenberg......... reeres s . 260/2
3,374,277 3/1968 Vandenberg.......... rererneanaens 260/615

" Primary Examiner—Donald E. czaja'

Assistant Emmmer—E A. Nlelsen

Attorney, Agent, or F:rm-.--Woedhams Blanchard and'_._-
_Flynn | o o

ABSTR ACT

7 Clalms 1 Drewmg Flgure -

4/1970  Kamio et al. ... 260/2



US Pt o 396,524

| X-RAY DIFFRACTION STRENGTH —

PRIOR ART
" POLYMER

T80 40 30 20 0 0

G2 -z

X- R.AY-_ DIFFRACTION STRENGH -~



o subsequent processing operations, such as stretchmg

PROCESS FOR PREPARING POLYISOBUTYLENE

OXIDE MOLDINGS OF EXCELLENT
- WORKABIL]ITY o

BACKGROUND OF THE INVENTION

1 Field of the Inventlon .
This invention relates to a process for preparmg poly-
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:of moldmgs obtained by slow coo]mg, can be obtamed
'_by heating moldings or film-forming polymers contain-
‘ing 70 wt. % or more of isobutylene oxide to a tempera-

ture above 170°C and then rapidly cooling them by
contacting them with a coolant, such as a cooling roll,

~ water or the like. There is obtained crystalline resin
- having a diffraction peak at about 26=12° in the X-ray

isobutylene oxide moldings. More partlc:ularly,_ the -

- invention relates to a process for preparing polyisobu-

tylene oxide moldings which compnses the step of
- quickly cooling a heated or molten resin of polyisobu-
~ tylene oxide to obtain crystalline resin different from
that obtained by slow cooling, thereby facilitating the

2. Description of the Prior Art

10

~ diffraction pattern. The heating temperature of the

polymer may be selected appropriately within the

range of from 170°C up to the decomposition tempera-

- ture of the polymer. Usually, this decomposition tem-

- perature is at most 300°C. Specific polyisobutylene .

oxide polymers can have decomposnmn temperatures

15

lower than 300°C. The maximum temperature during
the heating step must be below the decomposition tem-

- perature of the specific polymer employed. The veloc-

Although polyisobutylene oxides are hlghly crystal--

- line polymers having excellent physical properties, the

presently available films and thin sheets of polyisobu-

- satisfactory mechanical properties. -

It has been already known that remarkable 1mpr0ve—'

ments in strength, transparency, bending strength and

impact strength are attained by subjecting polyisobutyl- -

ene oxide moldings to a stretching treatment on heating

~or another heat treatment thereby _stretchmg them to -
~several or several tens times their original size and that
the resuliing films are practical (see the Official Ga- -

~ zette of Japanese Pat. Publication No. 12180/1965).
~ However, if the polyisobutylene oxide moldings are

'-'subjected to tensile drawing, particularly for the pur-

30 py]ene (see, for example, Mandelkern: “Crystallization

ity of cooling is not particularly critical provided that

~ the crystalline form of the final product is such that the

tylene oxide do not have sufficient transl:)arency or 20

above described particular diffraction peak 15 formed

in its X-ray diffraction pattern.
" DETAILED DESCRIPTION OF THE INVENTION

Essent:a]]y, crystallme high molecular weight mole-

- cules can take various crystalline forms and, therefore,

25

they exhibit the same polymorphism as that of low

- molecular weight substances. For example three crys-
" talline modifications have been noted in guttapercha

pose of obtaining films, they must be heated to a tem-

- perature around their meltlng points  (170°
 because they are hlghly crystalline polymers. Conse-

- quently, even if there occurs only a small error in the

—-175°C),
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- temperature, partial fusion of the polymer can occur if -

~ the temperature is even slightly too high or the drawing

- operation per se can become very difficult if the tem-
- perature is even slightly too low due to insufficient
softening, thereby causing breakage of the film durmg_
- the drawing operation. Small errors or fluctuations in

the temperature or the thickness of the sheet cause
remarkable unevenness in the thickness of the

~ stretched film. Thus, precisely controlled conditions
- are required for the productlon of the sheets on a com-

mercml scale.

For fac:llltatmg the tensile stretchmg, a method can .

'be considered in which heat rolls are used. However

- this. method is not suitable for obtaining a thin, trans-
‘parent film on a commercial scale. The stretching prop-

~erty can be improved by means of 00polymerlzatlon
butylene oxide resin. However, these technical means

N _pmperties?of the resulting film are changed |

BRIEF DESCRIPTION OF DRAWINGS
. FIG 1 is the X-my diffraction pattern of a pelymer

obtained by the process of the present invention. FIG.

2 is the X-ray diffraction pattem of a polymer obtained
bya prlor art process.

SUMMARY OF THE INVENTION

“After intensive mvestlgatmns for ehmmatmg the de-

~ fects of the conventional methods, the inventors have
- discovered  that tI‘dI’lSde’EI‘lt_ polyisobutylene oxide
- moldings of excellent workability and having a crystal- '

~line property completely different from the properties

~ (1,4-trans- pa]ylsoprene) Further, various modifica-

tions have been formed in protein, nylon and polypro-

of High Molecules” translated by Akio Nakajima,
Ryuzo Kitamaru and Fumimasa Hamada and published
by Kagaku Dcum Co. also published by McGrawnHlll
1964).

However' the crystallme mc}dlﬁcatlon of polylsobu-
tylene oxide has never been reported. The inventors

~ have succeeded in obtaining a polymer which affords

an X-ray diffraction pattern (FIG. 1) which is com-
‘pletely different from the X-ray diffraction pattern of
40 conventional polyisobutylene oxide crystal as shown in

FIG. 2. This unique crystalline form of polylsobutylene

- oxide is obtained by the process of the present inven-

45

~tion. In FIG. 1, X-ray diffraction peaks are noted at
~around 12°, 17" and 21°. These are clearly different

from the peaks of the X-ray diffraction pattern of con-

~ventional polyisobutylene oxide as shown in FIG. 2.
The. crystalline forms of the two polymers affording

- different X-ray diffraction patterns as shown in FIGS. 1

~ blendin g or mcorporatlon of an additive in the polyiso-

~and 2 are clearly different from each other. Partlcuﬂ 3
>0 larly, the novel peak at around 26=12°in FIG. 1 is

unexpected in view of FIG. 2. It is technologically cor-

- rect to verify the formation of a new crystalline form on

_ - the basis of the existence of this new peak at about 12°.
~ arenot preferred, because by these means, the physical

55
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100°

‘Moreover, the quick cooling step of the present in-
vention is not a general procedure for obtaining crystal-
line modification of polymers. For example, a crystal-

~ line form of polypropylene different from that of com-

mercial polypropylene has been obtained by crystalliz-

- ing it from a melt or solution at a temperature of about |
—~130°C under atmospherlc pressure or by crystal-

lizing it under a high pressure. Thus, the unique effect
- of the process of the present invention cannot be pre-
~ dicted on the basis of conventional techniques.

65

It is apparent that polyisobutylene oxide is a highly
crystalline polymer and that the physical properties
thereof depend upon its crystalline property. The phys-
ical properties of polyisobutylene oxide are regulated

- by controlling its degree of crystallization by a known
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-~ 10 samples, surprisingly, the pelymer prepared by the
- process of the present invention stretched easily in-
- each test, while the polymer prepared by the conven- -
o “tional proeess was difficult to stretch, and eraeks were
. formed in the film in 8 tests out of 10 tests, even though
~ the tests were- carried out by skilled workers. In this 30
 connection, it is to. be noted that the film prepared by
- the process: of the present invention has an excellent
S workabrhty and the film can be stretehed to 200—400%' i
~size even at room temperature R
" In the process disclosed in the Speerﬁcatren ef Japa-
- " nese Patent Publication- No. 12180/1965, the stretch- -
 ing temperature is defined to be from: 100” to 190°C. -
- If the sheet-shaped meldmgs obtained by the present;;f
SR _'-'_mventren are processed at room temperature and then
 heated to a temperature' above 100°C for longer than 40
| [’-’;10 mmutes the crystallme ferm thereef becomes: the

'-...:::-..f_g_'-tlﬂn should be, of course, a- pelymer which:is able: to JUR R
. form praetreal moldings or. films. Generally, such a L
o _'f,._-.}polymer has a.reduced vrseosrty 'qsp/e of hlgher than-._ji_-':j*_f o
0.8 inclusive, preferably, more than 1.0, which viscos-
o ji";rty is determined by dissolving polylsebutylene oxide in 60 -
~ o-dichlorobenzene at 110°C to obtain a solution havmg;_";--"
- aconcentration of 0.1 g/ 100 m! and: measurmg viSCOS-
- ity of the selutlen wtth an. Ostwalds vrscameter atf_:

o 1 10°C..
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The pelyrsebutylene 0x1des ef the present mventron. .

- .'i"-are polymers including hemopelymers and eopelymerb -
~ or blended polymer compositions, all containing more - .
.;tha:n 70 wt % of 1sobutyler1e exrde units. As typlcal._;j

pelyIS obutylene . oxide ‘composition,

:.--;--gdetermtne if the-characteristic peak at 26= e
" From these results, the specific cooling rate requiredto .~~~ "
 be used for commercial production of productstoob-
_ tain the unique crystalline form of the inventioncanbe .
“‘.readrly determined by simple experimentation follow- .

. . W - ..
. :'. .'.. -

L methnd Hewever the finding of the present mventren, ?cepelymerrzable cempounde there can be mentmned BRI

~ie., that the crystallme form of pelylsebutylene oxideis -~ for example, oxygen- eentammg ‘heterocyclic com-{?’;_-'-"_'__ s .'
1'.-*_cempletely modified and that the unique crystallme__'-;f‘--_%'peunds such’ as ethylene oxide; propylene oxide, epi- :
o _J._modlﬁeatron is stable’ ‘at room temperature for a long.

- ;'_"-fperrod is notewerthy not. only from a: praetrcal vrew-t?_j_.._
o zpmnt but also from a scientific vtewpemt B

- As described above, the physreal prepertles ef pe]y-'-_"f:;.:-,_
e '_-'-;_’1sebutylene oxide depend on the high crystallinity
. thereof and, therefore, different crystallme forms have
o drfferent physical. propertres In the present invention; 10
_;_*_-."'the resin: obtained by quick. ceelmg is different frem-j'; o
- that obtained by slow coelmg and. their actions- are
- different from each other, almost as if they were com- -

~ pletely different polymers, For example the pelyrsebu- -

'r-_,.chlerehydrm allyl glycidyl: ether, 3,3-bischloromethyl- -~ -
‘cyclooxetane. and. trrmethylene oxide and unsaturated ~ .
- . double bond containing eempounds such as phthalic ~
‘anhydride; malelc anhydride, styrene and methylmeth-;':-_2."_?;__-_.
~ acrylate. As to the blended compositions, theremay be .~ .
~mentioned thosecontaining additives such as ether5."t--ﬁ-'i'-;f_:.;jf__':-__j_?': R T
~polymers (blends), plasticizers and- nueleatmg ageat IR R
”-:_-.Other eempesrtlens can also be. used. - L
~  The moldings of the invention rnclude general meld--;ﬁf{.jﬁ?--;f_.j_'__f'.j-__:; T
_'.-_ii'-._:-rngs obtained by injection, extrusion and/or cempres—'e_f;-f?'_“-:;"--}:'__;'_: SRR
- ~sion. meldmz: ¢tc. such as sheets t‘ilms ﬁbers and vari- e e
~ tylene oxide according to.the invention has a high 15 SR T e i
~ transparency that cannot be obtained in the conven- -
- tional; polytsobutylene oxide. In addition, it has been
- found that the tensile elongatlen of ﬁlms prepared
o accerdmg to the process of the present ‘invention is.
. 200-400%, while the elongation of the conventional 20
f,':--poly:sebutylene exlde is: 40—50% beth measured at
- .room. temperature e R ST
A remarkable imprevement is obtamed alse in the:
o .[-"stretchmg property. In a stretchmg test carried out'on e
25 with a coolant such as-a cooled roll or water, measurmg;}j e T
‘the time: requlred for lowering the temperature of the =~~~
__ "_Qﬁ_pelymer to nearly that of the coolant from the startmg_.. SR
“ high temperature (>l70“C) using a thermeeleetrlej;_'“ff-;.:f-{.’j-Iﬁi_j_;f SR
“thermometer, and calculating the value ef tatal temper-_}'-,?.} e
.ature drop/tetal cooling time. e S TOPIUE ST T
~ Thus, for any Speerfie moldmg made Qf aay speerfici.=-}_-_:?"_-f? B
‘test -samples: . -
. treated- by the. preeess of the invention using dlfferent-_i;'g:ﬁg‘j-.;_"_j,-.{__[];'-_ R
" cooling: rates can be analyzed by X- -ray diffraction. to- SN L
12° appears. -~ |

:'.eus other: resmeus preduets . L A RN S
" The qutck eeolmg empleyed m thls mventien em-’;._-_ejff'--'::'_.'5'-ﬁ.."'_ R
pleys a velocity of cooling which is. effective for obtain- .~

inga peak at about 26=12° in the X—ray drffractronf;:;ﬂj_'.’:;:'.:"_'--;7'___-_ e
- pattern. The velocity is’ dependent on the partrcular-}ﬁ_}"_-__{_-._;Qf_-;-}-.
0 composition treated and its physical shape and, thus,is =
* not defined in concrete figures. Generally, this. res_ult'f'-z}t{._.i};“ R
~.canbe attamed by quickly cooling the. meldmg atarate .
.ﬁ_:hrgher than" 10°C/sec., which rate is determmed by oo
" contacting the heated: pelytsebutylene oxide polymer =

“ing the preeedures described above. As stated: prevr-f’§-_’f’_'ii-i-_;j_- AT P
: '?ously, the critical test result’ mdreatmg the presence of AUV R
 same as that obtained by the slow cooling method and © the unique crystalline form is the occurrence of the .~ =
- the products thus obtained are hard moldings havinga |
. f'small elongatmn Altematwely, the: meldmgs obtained = -
by the present invention can be cold worked without 45
f-"_f_'fdestroymg their unique: crystalline. form. The reasen:'_.?ff
- why the new crystallme modification is maintained ina
- - stable state {1e, metastable state) at temperatures-'--f--’.;_"*"
L ifibelew about IOG"C is not known exaetly and. further.
~investigations are necessary to. elucrdate this. Prebably,_ |
~ however, the two methyl groups of the isobutylene =
-~ oxide unit hinder the formation of ‘the ‘more: stable
-]_.fconﬁguratren of the erystal thereby eausmg such a‘;;:_-:._-;
" :.--3_':5-metastable state. s L L

~+ The polyrsebutylene oxrde used in the present inven- 55

':-'_characterrstte peak at abeut 23=12° m the X ray drf-
"’_'fraetlen Pattern BEE : x : NI
‘According to the present -mventren further workmg
or shapmg (sueh as rellmg or eeld fermmg) ef pelytse- L
_ "ture is faellttated by medrfymg the erystallme ferm ef
~the polymer and, accordingly, the precedure of prepar-f-g_'f'-‘"f._:_ L
50 ing practical molded articles on a commerciat scaleis =
_rmpreved highly. Thus, the ‘process ef the present m-5'f;--_f'f.*f N
- vention has a high eommereral value,
~ The process of the present. invention wrll be further-f._.}i?f-:'-}'I_§"-f-f[_f?f_-ff e T
described with reference to the following illustrative ~
Examples whleh by ne means llrmt the seepe ef the R e

EXAMPLE 1

- On the other: hand a sheet ebtamed by heatrng thet:_f.?'

-.'.“polymer at l90°C fellewed by eeolmg at a- rate of -

Polylsebutylene exrde of 'nsp/c ef l 5 was melted at
190”C and ‘a sheet of the molten polymer was poured .
-~ into ice-water at 0°~3°C to cool the polymer quickly at
o a Velocrty of about 50°C/sec. The resulting sheethada
hlgh transpareney and it exhlblted an X-ray dlffraetlenf- LT
pattern as shown in FIG. 1. The breakmg stress and -~
> breaking. elongation of the sheet at room temperatureff-f[_
~ was 470 Kg/cm? and 264%, respectively. e




S

20°C/m1n exhlblted an X -ray dlffraetlen as shown in

 FIG. 2. The breakmg stress and breaking elengatlon of '

| thls sheet were. 400 Kg/cm? and 42%, respeetlvely
 EXAMPLE 2 a

‘A sheet of polylsebutylene oxide of 'nsp/C of 2.3 was

3 936 524

‘extruded at a temperature of 220°C and then was con-
tacted with a roll cooled with water to 5°C positioned -

very close to the die to quickly cool the product at a

rate of about 50°C/sec. The X-ray diffraction pattern of

the thus formed semi-transparent sheet of 1.2 mm

10'

- thickness was as shown in FIG. 1.' By stretching this

- sheet biaxially at the same time to 6-fold size by using

~abiaxial stretchmg device at 80°C, a transparent tough '15 |

film was obtained. On the other hand, a sheet extruded
by a conventional method at 220°C

showed cracks

- after 40-50% stretehmg at the same stretching temper--

o ature In the latter case the eeo]mg rate was 5°C/min.

EXAMPLE 3

Agalnst the sheet of pelyrsebutylene 0x1de obtained
in Example 2, there was pressed a mold of the shape of

~a fruit dish pattemed with a flower at a pressure of
~ about 5 Kg/cm? and the resin was heat-treated at 130°C
for 30 minutes to obtain a hard plastic dish. The X-ray
diffraction pattern of this dish was as shown in FIG. 2.
This example demonstrates that molded products hav-
- ing an X-ray diffraction.pattern as appearing in FIG. 1
can be molded and their. crystalline structure can be
- modified so that the X-ray dlffraetlon pattem becomes
~ like that of FIG. 2. SR | |

- The process of the present mventron can be carried
~ out both with previously formed moldings which are -
~ heated to a temperature over 170°C close to but below
~ the meltmg point but also with polymers which are
o melted at a temperature over 170°C and then qurckly;
- cooled according to the invention. |
- The embodiments of the invention in which an exelu—: |

sive. property at prmlege is claimed are defined as 10

_ follows:

25
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1. Isebutyleﬁe 0x1de polymer selected frem the greup :
consisting of homopolymers of isobutylene oxide and

- copolymers of isobutylene oxide and a copolymerizable

cyclic ether or a copolymerizable compound contain-

45

ing an unsaturated carbon to carbon double bond, said

- copolymer containing at least 70 percent by weight of -

isobutylene oxide units said isobutylene oxide polymer

 having an x-ray diffraction pattern with a characteristic -
~peak at 26= about 12° having an elongation at room

- 50

temperature of from 200 to 400 percent and having a

reduced specific viscosity of at least 1.0, said viscosity
~ being determined by dissolving the isobutylene oxide

. g 'chloremethyl-eyclooxetane
- phthalic anhydride, maleic amhydrlde styrene and_'
: 'methyl methaerylate | |

| 'polymer_ in o- dichlorobenzene in a concentration e_f

0.1 g/100 ml. and measuring the viscosity at 110°C.
2. Isobutylene oxide polymer as claimed in elalm 1

'havrng an X-ray diffraction pattern as appearing in
- FIG. 1 of the attached drawmg

3. A process for preparmg 1sebutylene 0x1de polymer
meldlng, which comprises = | |
- heating a molding material to a temperature of over
~ 170°C and below the decomposition temperature
of the molding material, said molding material
‘selected from the group consisting of homopoly-
~ mers of isobutylene oxide and copolymers of isobu-
~tylene oxide and a copolymerizable cyclic ether or
‘a copolymerizable compound containing an unsat-
~urated carbon to carbon double bond, said ‘copoly-
" mer containing at least 70 % by weight of isobutyl-
~ene oxide units said molding material having a
~ reduced viscosity msp/c of at least about 1.0, said

R 20 ~ viscosity being determined by dissolving the 1sebu- |

~ tylene oxide polymer in o-dichlorobenzene in a
- concentration of 0.1 g/ 100 ml and measuring the
- viscosity at 110°C; | |

then rapldly cooling thé material at a rate effective to
provide in the X-ray. diffraction pattern of the ma-
terial a characteristic peak at about 26=12°
4. A process according to claim 3, in which the mold-

ﬁ mg material is a homopolymer of isobutylene oxide, at
or a copolymer containing at least 70 percent by weight

of isobutylene oxide units and the balance 1s selected
from the group consisting of ethylene oxide, propylene
oxide, epichlorohydrin, allyl glymdyl ether, 3,3-bis-
trimethylene ~ oxide,

5. A process according to elanm 3, including the addi-

| tlenal step of subjecting the isobutylen oxide polymer
:- moldlng to a tensile drawing or stretching procedure.

6. A process according to claim 3, including the addi-
tional steps of altering the shape of the isobutylene

oxide polymer molding and then heating the isobutyl- -
ene oxide polymer molding to a temperature of at least

about 100°C for a period of time effective to cause said
characteristic peak m the X-ray dlffraetlon pattern to
dtsappear .- o B o
7. A process according to claim 3 in. Wthh the step
of rapidly cooling the material comprises contacting
the water with a cooled surface or cool fluid to reduce

‘the temperature of the material from the starting tem-

perature to substantially the temperature of the surface

~or fluid at a rate such that the value of total tempera-
~ ture drop/total cooling time is higher than 10°C/sec.

x k. ok k. ¥
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